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Diffuse Spectral UVB Observation
using Brewer Spectrophotometer and New Automated Shadow Unit

Mahito 1TO

Abstract

A diffuse Brewer spectrophotometer for continuous operation through seasons was developed by replacing the
previous manual shadowing device (Ito : 2005b) with automated shadow unit controlled by computer. In this paper, the
system of the automated shadow unit, the setup procedures, and the results of diffuse spectral UVB measurements
carried out for six months from August 2005 to January 2006 are presented. They are summarized as follows: 1) The
new diffuse system is comprised of black shade ball, rotating frame, automatic rotating unit, binding frame and control
PC (set indoors). The whole system was mounted on Brewer MKII #058. Shading of UV quartz dome is bimodal, i.e.
intermittent mode and continuous mode. In the intermittent mode, three sets of shade/open time sequences can be
programmed in an hour. 2) Shadow effect of the rotating frame was confirmed to be negligible comparing with global
Brewer MKII #052 on a clear sky day. 3) Monthly maximum diffuse UVB irradiance ratio (diffuse UVB / global UVB)
of 0.908 was observed in October and the minimum of 0.845 in December during the observation period. Average over
six monthly means of diffuse UVB irradiance ratio was 0.871 contrasting to 0.552 for diffuse solar irradiance ratio
(diffuse solar / global solar). 4) As for daily diffuse UVB irradiance ratio, the minimum of lower limit envelope
appeared as 0.62 around early September, which increased toward winter season and reached 0.78. On the other hand,
diffuse solar irradiance ratio had the minimum of 0.18 with no significant seasonal dependence during the period. 5)
Monthly spectral diffuse UVB irradiance ratio had clear seasonal change and commonly indicated the negative linear
dependence on wavelength. 6) Correlation between diffuse UVB ratio and diffuse solar ratio clarified the significantly
different behavior of UVB and solar radiation in the atmosphere.
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Photo. 1 Diffuse UV observation using Brewer #058 with
automated shadow unit on the rooftop of the Aerological
Observatory, Tsukuba.
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Table 1 Observation site and instruments

Observation site : Tsukuba(Tateno) 36.058N  140.126E
Position : on the rooftop of the Aerological Observatory, Tsukuba
Elevation : 23.5m MSL
Data Period : 210" JD in 2005 ~ 31" JD in 2006
Instrument :

Diffuse UV observation : Brewer MKII #058

Global UV observation : Brewer MKII #052
The distance between #058 and #052 : about 5 m

Table 2 UVR Responsivity files of #058 and #052

[Inst. No.] [Response File] [Date of Calib.] [NIST Lamp]
#058 uvr 230 04. 058  Aug. 17, 2004 S-1054
#052 uvr 250 04. 052  Sep. 06, 2004 S-1055
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Fig. 1 Trend of responsivity difference (%) of Brewer MKII
#058 and Brewer MKII #052 in 2005 by external lamp tests
using five 50W lamps.

Upper: #058 trend by lamps (L716), L717, L718, L719 and L720.
Lower: #052 trend by lamps L733, L734, L735, L738 and L739.
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UV_DF : Diffuse UV radiation by Brewer #058

UV_GL : Global UV radiation by Brewer #052

RDFyy = UV_DF/UV_GL

Solar_DF : Diffuse Solar radiation by Shaded Pyranometer
Solar_GL : Global Solar radiation by Shaded Pyranometer and
Pyrheliometer

RDFsoLar = Solar_DF / Solar_GL
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1) Normal Comparison (Normal)
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2) Frame Effect Test (with Frame and no Black Shade)
Ir#058 / Ir#052 = 0.989 ~ 0.993
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Mean of 6 monthly means (from Aug. to Jan.) of daily RDFsoLar

RDFsoLar = 0.552  Max: 0.707 (Oct),  Min: 0.340 (Dec)

Table 3 Monthly means of daily total UV irradiance and diffuse irradiance ratio (diffuse / global) from Aug. 2005 to Jan.

2006.
UV _DF by Brewer MKII #058 UV_GL by Brewer MKII #052 RDuv ( UV.DF / UV_GL) Solar DF/
Year Month TUV UvB DUV CIE TUV UvB DUV CIE TUV UVB DUV CIE Solar GL
2005 8 67687 20824 581 2366 | 81348 25099 701 2852 | 0852 0.850 0.851 0.851 0.655
9 49819 15045 409 1685| 59731 17923 487 2009 | 0867 0873 0.876 0874 0.660
10 31068 8839 221 951 36170 10272 257 1104 0.906 0.908 0913 0910 0.707
11 26757 6741 151 691 31513 7931 177 813| 0.865 0.866 0.867 0.866 0448
12 19641 4215 86 421 23604 5045 102 503 | 0843 0.845 0.848 0.846 0.340
2006 1 19360 4188 86 418 | 22746 4898 100 489( 0.883 0.885 0.887 0.885 0.502
Average of 6 Months 35722 9975 256 1089 | 42519 11861 304 1295 0.869 0.871 0.874 0.872 0.552

Irradiance : J/m"2
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Fig. 2 Monthly means of daily total irradiance and diffuse irradiance ratio (diffuse / global) from Aug. 2005 to Jan. 2006.

(a-1) UV_GL: Global UV (TUV, UVB, DUV and CIE) irradiance (J / m?) by Brewer MKII #052.

DUV and CIE) irradiance (J/m?) by Brewer MKII #058.
and CIE).
(b-2)
irradiance ratio).

(c-1)

UVB irradiance ratio to diffuse solar irradiance.
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(a-3) UV_GL / Solar_GL: Global UVB irradiance ratio to global solar irradiance.

(b-1) UV_DF: Diffuse UV (TUV, UVB,

UV_RF / UV_GL: RDF (Diffuse irradiance ratio) of UV (TUV, UVB, DUV
(a-2) Solar_GL: Global solar irradiance (kJ / m?) by shaded pyranometer CM22 and pyrheliometer CH1 of Kipp & Zonen.
Solar_DF: diffused solar irradiance (kJ / m?) by pyranometer CM 22 of Kipp & Zonen.
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Fig. 3 Daily totals of irradiance and diffuse irradiance ratios (diffuse / global) from Aug. 2005 to Jan. 2006.
Results (a-1), (b-1), (c-1), (a-2), (b-2), (c-2), (a-3) and (b-3) corresponds to the same chart in Fig.2, respectively.
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Fig. 4 Daily totals of spectral irradiance and spectral diffuse
irradiance ratios (diffuse / global), and the monthly spectral
means from Aug. 2005 to Jan. 2006.

(a-1) UV_GL: Global spectral UV per 5 nm from 290 to 325 nm.
(a-2) UV_DF: Diffuse spectral UV per 5 nm from 290 to 325 nm.
(a-3) UV_DF / UV_GL: Ratio of diffuse to global of spectral UV
per 5nm from 290 to 325 nm.

(b-1) UV_GL: Monthly mean of global UVB spectra per 0.5 nm
from 290 to 325 nm.

(b-2) UV_DF: Monthly mean of diffuse UV spectra per 0.5 nm
from 290 to 325 nm.

(b-3) UV_DF / UV_GL: Monthly mean of spectral irradiance ratios
of UV per 0.5 nm from 290 to 325 nm.

Fig.5 Seasonal relations between RDFyy (daily diffuse UVB
irradiance ratio) and RDFgg, ag (daily diffuse solar irradiance
ratio) from Aug. 2005 to Jan. 2006.
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